Abstract. The Radiological Protection Institute of Ireland has monitored levels of anthropogenic radionuclides in the Irish marine environment for over 20 years. While the primary objective of the monitoring programme is to assess the exposure of the Irish population resulting from the presence of these radionuclides in the marine environment, the programme also aims to assess the geographical distribution and temporal variations of the radionuclides. The programme involves the routine sampling of and testing for radioactivity in fish, shellfish, seaweed, sediments and seawater. The data generated in the course of this programme, as well as in a separate study of changing plutonium isotopic ratios in Fucus vesiculosus from the west coast of Ireland, were used to estimate transport times from the Sellafield nuclear fuel reprocessing plant to various locations on the Irish coastline. For conservative radionuclides, transit times of 5-6 months to the NE coast of Ireland, 1-3 years to the south coast of Ireland and 3-8 years to the west coast were calculated. In contrast, for plutonium, the Sellafield signal was not observed on the west coast until the late 1980s/early 1990s.
INTRODUCTION AND METHODOLOGY
The most significant source of radioactive contamination in the Irish Sea is the discharge of low level liquid waste from BNFL's nuclear fuel reprocessing plant situated at Sellafield. Discharges began in 1952 and have varied over time due to changes in type/quantity of fuel reprocessed, and changes in waste treatment procedures ( Figure 1 ). Discharges of most radionuclides peaked in the 1970s and declined to lower levels from the mid-1980s [1] . Technetium-99 discharges increased significantly from 1994 (peaking in 1995), due to processing of a backlog of liquid waste accumulated in anticipation of the commissioning of the Enhanced Actinide Removal Plant (EARP).
The initial dispersion of radionuclides from Sellafield is influenced by a number of factors including variations in the discharge rate, the chemical form of the radionuclides in the effluent, local hydrographic conditions and the distribution and composition of bottom sediments. The more soluble radionuclides such as 99 Tc and 90 Sr discharged from Sellafield are predominantly distributed according to the movements of the major tidal and residual currents ( Figure 2 ). They are advected primarily to the north and west, leaving the Irish Sea via the North Channel, within approximately one year [2] . The less soluble particle-reactive radionuclides, such as plutonium and americium, are quickly removed from the water column by direct precipitation or by adsorption onto suspended particulate. The behaviour and distribution of these nuclides is closely linked to that of the finer grained seabed sediments and a combination of processes leads to subsequent dispersion of these sediment-bound radionuclides.
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Since 1977, the Radiological Protection Institute of Ireland (RPII), and its predecessor the NEB, have carried out a programme to monitor the levels of radioactive contamination in the Irish marine environment and to assess the resulting exposure of the Irish population. In addition, the programme aims to assess the distribution of contaminating radionuclides and to identify long term trends. The programme involves the routine sampling of and testing for radioactivity in fish, shellfish, seaweed, sediments and seawater. Details of this programme and the analytical techniques used are given elsewhere [4, 5] .
The largest datasets from this monitoring programme were chosen and utilised to determine transport times from the source (Sellafield) to the Irish coast based on the observed trends in concentrations. In addition to temporal concentration patterns, radiocaesium and plutonium isotopic ratios in Fucus vesiculosus were examined and compared to the known ratios in Sellafield effluent and other sources. This allowed comparison of transit times obtained for conservative radionuclides with those obtained for non-conservative radionuclides. 
RESULTS AND DISCUSSION
The largest datasets available were for biota (mainly Fucus vesiculosus) concentrations. However, when using environmental concentrations to estimate transit times it is important that any possible effects from delayed uptake or biota age/accumulation times are considered. Thus, before transit times were calculated, datasets with matching seawater and biota concentrations from the same location were examined (e.g., Figure 3 ). It was clear that these factors had, at most, a minor effect on the calculated transit times. 
North-East Coast of Ireland
From the trends of 137 Cs concentrations in Fucus vesiculosus ( Figure 4 ) and also in cod concentrations (not shown) it was clear that changes in Sellafield discharges are reflected in concentrations on the NE coast of Ireland within two years.
In order to further refine the estimated transit time further, 99 Tc data for the transition period from pre-EARP to post-EARP operations at Sellafield was studied (when EARP came into operation a significant pulse of 99 Tc was discharged). Using the 99 Tc in Fucus vesiculosus dataset, it can be seen that approximately five months after the first increased post-EARP discharges from Sellafield, the leading-edge of the pulse was beginning to impact on the environmental concentrations from the NE coast of Ireland. The observed concentrations peaked 18-24 months after the peak in discharges. 
South Coast of Ireland

West Coast of Ireland
It has been observed that concentrations on the west coast tend to follow trends seen on the east coast of Ireland with a lag-time of less than 8 years (Figure 7 ). This provides an upper estimate of the transfer time, as the effect of availability times (as seen in 99 Tc Fucus veisculosus concentrations on the NE coast) tend to increase apparent time-lags between discharge and concentration maxima. In addition to contributions from global fallout and Sellafield discharges, there was a small contribution of 137 Cs from Chernobyl in the late 1980s. Prior to the Chernobyl accident in May 1986, the level of 134 Cs in Fucus vesiculosus from the west coast of Ireland was well below the detection limit for the analytical method used. By assuming that the all the 134 Cs measured in samples in the affected years was of Chernobyl origin, the known Tc activity concentrations in seawater on the west coast were below the limit of detection (<0.14 mBq/l), by September 1998 the seawater concentrations, though low, were above the limit of detection at three sites on the west coast [6] . Since the Sellafield 99 Tc discharges rose sharply in March 1994, this indicates that the transit time for 99 Tc from Sellafield to the west coast of Ireland is in the order of 3-5 years. These estimated values for transit time are in good agreement with those estimated by Mitchell et al. [7] and Prandle [8] of 2-5 years.
In contrast, examination of the Pu isotopic ratio observed in Galway since the mid-1990s is clearly reflective of time-integrated Sellafield discharges (0.18) and not contemporary discharges (0.4-0.6) [2] . This signifies the growing importance of plutonium remobilised from Irish Sea sediments as a source to the west coast of Ireland. 
CONCLUSIONS
It has been possible to establish transit times from the Nuclear Fuel Reprocessing plant at Sellafield to various locations on the Irish coastline. This was achieved using a variety of methods, including examination of measurement of concentration trends and measurement of Pu ratios in environmental media, and by tracing the post-EARP pulse of 99 Tc in both seawater and seaweed. For conservative radionuclides, transit times in the order of 5-6 months from Sellafield to the NE coast of Ireland, 1-3 years to the south coast of Ireland and 3-8 years to the west coast were calculated. In contrast, for plutonium, the Sellafield signal was not observed on the west coast until the late 1980s/early 1990s. Furthermore, the plutonium isotopic ratio was clearly indicative of time-integrated discharges and not contemporary discharges. The exact mechanisms for this transfer are not clear but it is thought that the plutonium was re-mobilised from Irish Sea sediments and then transferred in soluble form, or attached to colloidal material, to the west coast of Ireland. It is important to note that actual transfer times can vary greatly over short time periods with changes in, for example, water circulation patterns potentially having a significant effect on observed transit times for a particular period [9] .
